ABSTRACT: We examined the effect of sampling frequency of gape angle and exhalant pumping measurements on our ability to determine the behaviour of bivalves. We used the endangered freshwater bivalve Margaritifera margaritifera, the non-endangered mussels Mytilus edulis and Mytilus trossulus, the scallop Pecten maximus and the cockle Cerastoderma edule. Increasing sampling interval led to an underestimation of the rate of bivalve gape adduction and abduction events detected, an overestimation of the mean duration between gape adduction and abduction events, and a misunderstanding of the form of the gape adduction and abduction events and exhalant pumping profile. Our analyses suggest minimum appropriate sampling rates for archival tags to define gape behaviour of 2, 7 and 40 Hz in M. margaritifera, C. edule and P. maximus, respectively, and 18 Hz to describe the metachronal wave in exhalant pumping of M. edulis. We demonstrate that careful consideration has to be given to the selection of sampling intervals when using a non-continuous method of recording behaviour. Our results emphasize the importance of measuring fine-scale behaviour patterns in order to advance our understanding of bivalves. The potential loss of information associated with the choice of particular sampling intervals during measurements of single parameters, and the biases which can result from this choice, are effectively germane to all species.
INTRODUCTION
Research on bivalve behaviour has produced insights on how organisms cope with highly fluctuating environments (e.g. Jørgensen et al. 1988) . Some of the questions addressed have been aimed at providing an overall view of the behaviour of a particular bivalve species. Recording behaviour with high frequency measurements has allowed questions concerning fine-scale bivalve behavioural physiology to be addressed (e.g. Trueman 1966 , Hoggarth & Trueman 1967 , Wilson et al. 2005 . This may involve assessment of valve gape, siphon movements (changes in aperture), filtration and pumping behaviour in relation to associated environmental parameters such as depth, light, temperature, particulate matter, food availability and predator interactions (e.g. Ropert-Coudert & Wilson 2004) . Although archival tags have elucidated some remarkable animal behaviours (see e.g. Ropert-Coudert & Wilson 2004 for review), selection of the correct temporal resolution, defined by the sampling interval, is critical to defining the quantity and form of behavioural events (Boyd 1993 , Ropert-Coudert & Wilson 2004 ). Controversy about many aspects of bivalve behaviour, such as feeding, partly results from difficulties in accurately recording high frequency measurements of bivalve filtration activity (Maire et al. 2007 ). Maire et al. (2007) also highlight the importance of recording short-term changes in valve gape and exhalant siphon area.
Direct observation of mussel gape and exhalant siphon area (e.g. Newell et al. 2001 , Maire et al. 2007 has the advantage of being simple to perform; however, it does not lend itself to situations where turbidity is high or to burrowing bivalves. In addition, the effective resolution of visual-based systems to determine changing parameters and the frequency with which observations are conducted may profoundly affect the quality and interpretation of results (e.g. Wilson et al. 2005) . The use of animal-attached remote-sensing technology, in particular Hall sensors, to measure bivalve gape (Wilson et al. 2005 , Nagai et al. 2006 , Robson et al. 2007 ) circumvents many of these problems because many measurements can be made per second and the animal may live in its normal substrate. Maire et al. (2007) proposed that images acquired at a frequency of once every 15 s were sufficient to assess filtration activity precisely in Mytilus galloprovinciallis, although bivalve gape has also been recorded at 5 Hz (Wilson et al. 2005) , 2 Hz (Robson et al. 2007 ), 1 Hz (Nagai et al. 2006 ) and once every 5 and 10 min (Riisgård et al. 2006) . However, technology now exists for reliably measuring gape angle at a frequency of 32 Hz (Wilson et al. 2008) .
Despite its endangered status, little is known about the behaviour of the endangered freshwater bivalve Margaritifera margaritifera or about how to measure its wellbeing in captivity (but see Trueman 1966) . We suggest that archival tag technology (Cooke et al. 2004 , RopertCoudert & Wilson 2004 , such as that used by Wilson et al. (2005) on blue mussels Mytilus edulis, could change this by allowing identification of normal and stressed behaviour (Robson et al. 2007) . In the present study we examine the effects of using different sampling frequencies on our ability to elucidate the behaviour of bivalves. The prime driver behind this study is the formalization of a methodology that is appropriate to examine -without bias -gape and pumping behaviours (general proxies for activity associated with respiration, feeding, excretion and their associated metabolic processes) of endangered freshwater pearl mussels, non-endangered mussels Mytilus edulis and Mytilus trossulus, scallops Pecten maximus and cockles Cerastoderma edule.
MATERIALS AND METHODS
Collection and maintenance of bivalves. All research detailed below was conducted in accordance with institutional, national and international guidelines relating to the use of bivalves in research.
Margaritifera margaritifera used in experiments were held at the Environment Agency Wales, Cynrig Hatchery, Brecon, Wales. Pecten maximus were collected from the Bay of Brest, France, and transferred to a flow-through aquarium system within 2 h. Intertidal Mytilus edulis and Cerastoderma edule were collected from Swansea Bay and Gower coast, Wales, UK, respectively, and M. trossulus from the coastline outside the Pacific Biological Station, Vancouver Island, Canada, at low tide and transferred to a flow-through aquarium system within 2 h.
Experimental design.
To make relative valve gape measurements in mm between bivalves of different lengths, we used methods developed by Wilson et al. (2005) and modified by Robson et al. (2007) to quantify gape angle in mussels Margaritifera margaritifera, Mytilus edulis, M. trossulus, the scallop Pecten maximus and the cockle Cerastoderma edule. However, neither Wilson et al. (2005) or Robson et al. (2007) calibrated all possible gape angles with sensor output and extrapolated bivalve gape calibration curves beyond known limits. Some gape data > 5°were thus probably overestimated. The valve gape calibration dilemma was avoided in the present study by killing the bivalves or using a muscle relaxant on them after experiments, and calibrating Hall sensor output in mV to gape (°) over all gape angles (but see Nagai et al. 2006 who used the Hall sensor to measure bivalve gape without the need for calibration). We recommend calibration to ensure best possible accuracy in valve gape measurements.
Briefly, quantifying bivalve gape involved using a Hall sensor (a transducer for magnetic field strength) attached to one shell valve reacting to a magnet attached to the other shell valve. Variance in gaping extent produced a corresponding variance in the magnetic field strength perceived by the Hall sensor (cf. Wilson et al. 2002) . This was recorded by an archival tag. Since Hall sensor output is proportional to magnetic field strength and angle of impingement, the transducer output must be calibrated by comparing shell gape angle with sensor output over a wide variety of angles. A muscle relaxant (500 ppm buffered Tricaine methanesulfonate, MS-222) (Lellis et al. 2000) was used on the endangered freshwater pearl mussels Margaritifera margaritifera (note M. margaritifera were not killed) to allow calibration of all possible gape angles with sensor output. The adductor muscle(s) of Mytilus edulis, M. trossulus, Pecten maximus and Cerastoderma edule were simply severed with a knife and bivalves were immediately calibrated for gape over all possible gape angles (~5 min per bivalve). Subsequently, data of sensor output versus gape angle were curve-fitted (for details see Wilson et al. 2002 , 2005 , Wilson & Liebsch 2003 , Robson et al. 2007 ). The curve-fit could then be used to determine any gape angle by converting the transducer output accordingly.
One type of archival logger used was a 13-channel JUV-Log equipped with 12 Hall sensors (Honeywell, SS59E) and 1 temperature transducer. Two other archival loggers used were 7-channel JUV-Logs equipped with 4 Hall sensors (Honeywell, SS59E) and also recorded light (lux), pressure (depth) and temperature (°C). Two further 13-channel loggers had Hall sensors linked to the logger (IMASEN, Driesen and Kern GmbH) and also recorded light, pressure and temperature. The 13-and 7-channel JUV archival loggers were powered by four 1.2 V 10 Ah NiMH D cells and the IMASEN loggers by two 3.6 V 1 ⁄ 2 AA lithium batteries. Each had a 1 Gb flash random access memory and could be set to record at intervals up to a maximum frequency of 2, 12 and 30 Hz, respectively. The IMASEN and JUV-Log archival loggers had 16 and 22 bit resolution, respectively, both recording gape angle at better than 0.01°. The magnets used were 5 × 5 × 2 mm neodymium boron magnets.
Magnets and Hall sensors were glued to Margaritifera margaritifera and Pecten maximus using 5-minute epoxy adhesive (X003, Atlas Polymers) and Araldite ® 90 Seconds (Huntsman Advanced Materials), respectively. The other bivalves kept in saltwater aquaria during experiments had their systems attached using aquarium sealant (Geocel ® ), and the bivalves kept in intertidal environments had systems attached using high strength epoxy adhesive (Power-Fast ® +, Powers Fasteners). M. margaritifera had been in freshwater pumped from a local river for months before experiments began. Mytilus edulis and Cerastoderma edule were placed in an aerated flow-through aquarium system containing edible particulate matter-laden seawater from Swansea Bay for at least 1 mo before being used in aquarium experiments. P. maximus were placed in an aerated flowthrough aquarium system containing edible particulate matter-laden seawater from the Bay of Brest for at least a 24 h before being used in aquarium experiments. Equipped M. edulis and M. trossulus used in intertidal experiments were returned to the intertidal within 24 h of initial collection.
Bivalve pumping. Lengths of PVC tubing (10 mm diameter, 1.5 mm wall thickness and lengths of 300 and 25 mm) were glued together at right angles using high strength epoxy adhesive ( Fig. 1) . A Hall sensor was attached (using aquarium sealant) to the outside of the 300 mm long PVC tube, 60 mm below the 25 mm length of tubing ( Fig. 1) . A vane 60.5 mm long, 18 mm wide and 0.05 mm thick, made of translucent green Silastic ® (Dow Corning) or transparent polyethylene, had one end attached to the ~25 mm long PVC tubing using aquarium sealant ( Fig. 1) . A 0.1 g (in air) neodymium boron magnet was attached at the free end of the vane using aquarium sealant so that the magnet and Hall sensor were aligned (Fig. 1) . Pumping sensors were kept in a fixed position in mussel tanks using PVC clamps. The study mussel was then placed in relation to the vane so that the water exhaled (from the top 10 mm of the inhalant siphon and whole of the exhalant siphon) caused the vane to move, bringing the magnet closer to the Hall sensor, thus causing a change in magnetic field intensity perceived by the transducer (in a manner similar to that used for determining gape angle, see above). It was imperative to keep the Hall sensors and magnets from the gape and pumping sensors sufficiently far apart so they did not interact.
In preliminary pumping experiments Mytilus edulis used their foot to move the translucent green Silastic ® vane out of the path of their exhalant water current and stuck it to the outside of their shell. This did not occur over 12 mo of continuous pumping experiments using transparent polyethylene as the pumping sensor vane. Thus, transparent polyethylene was used as the pumping sensor vane in the present study. Sampling frequencies of 2 and 30 Hz were used to record M. edulis pumping. The new method for measuring pumping could not be used in strong currents because of the high sensitivity of the sensor. We did not attempt to calibrate the fine temporal and sensor resolution exhalant pumping data because of complications our system could not easily account for. Complications include: (1) Mytilus edulis exhalant pumping can occur from the top of the inhalant siphon in addition to the exhalant siphonthere is no defined barrier to exhalant pumping from the top of the inhalant siphon, and it may not be assumed that inhalant pumping occurs throughout the whole of the inhalant siphon area (and clearly not when exhalant pumping occurs from the top of the inhalant siphon) (2) Both changes in mussel siphon area and siphon orientation relative to the pumping sensor will change the force per unit area exerted on the pumping sensor. (3) M. edulis valve adduction events further complicate the measurement of exhalant pumping because maximum recorded exhalant pumping in this study was not produced by pumping (cilia beat) but by valve adduction (Appendix 1) (thus it is important to also measure valve gape in tandem with exhalant pumping at high temporal and sensor resolution so these two types of currents can be separated 
RESULTS

Bivalve gape
In preliminary investigations with live bivalves we made sure that our best-fit gape angle calibration curves for live animals were similar to those for sacrificed individuals. As an example, we used ANCOVA to compare 2 methods of gape calibration repeated in triplicate on one Mytilus edulis: (1) gape calibration on the live mussel and (2) gape calibration after the posterior adductor muscle was severed. Gape calibration method was the fixed factor and gape angle was the continuous variable. There was no significant effect of calibration method in the model (F 1,39 = 0.148, p = 0.702). We reiterate that calibration of maximum gape angle was not possible in live bivalves and highlight that the majority of any error in gape calibration curves was probably caused by human error (all best-fit calibration curves had r 2 > 0.98). All major Mytilus edulis gape movements recorded at 2 Hz (0.5 s) followed the same general pattern as those recorded at 30 Hz (see Fig. 2 ). The rate of reduction in valve gape angle (adduction) was faster than the subsequent increase in gape angle (abduction), the latter having a roughly logarithmic form, in M. edulis (Figs. 2 & 3) , M. trossulus (Fig. 4) and Margaritifera margaritifera (Fig. 5) , with the rate decreasing near the endpoints of both adduction and abduction events.
During recording of gape at 2 Hz in the smaller and faster-moving Cerastoderma edule, the rate of valve abduction did not always decrease near the endpoints of every abduction event (Fig. 6 ). Close inspection of C. edule gape data (Fig. 6) revealed that all valve adduction events occurred at a faster rate than the subsequent abduction event.
Reduction in gape sampling frequency was associated with a progressive change in the shape of the (Fig. 4) . Reducing sampling frequency below 2 Hz (intervals of 0.5 s) made valve movements appear to be faster than they actually were (Figs. 2, 4-6 ).
Accurate assessment of short-term changes in valve gape was only possible recording Margaritifera margaritifera gape at intervals of ≤0.5 s (Fig. 5) .
Increasing the sampling interval of gape data from 0.5 to 10 s resulted in the loss of some complete valve adduction and subsequent abduction events (e.g. Fig. 5 ). Visual observation of M. margaritifera burrowing behaviour backed up by recording gape at 0.5 s intervals (e.g. Fig. 5 ) highlighted the importance of valve movement for burrowing into sediment. In one example, sampling at 1 to 5 s intervals, 45 valve adduction and subsequent abduction events over 1 h of Margaritifera margaritifera burrowing activity were plotted as a plateau with downward spikes. Increasing the sampling interval to ≥10 s concatenated some adjacent gape adduction and abduction events, with only 10 valve adduction and subsequent abduction events detected when sampling at 60 s intervals (Fig. 7) . Over 1 h of burrowing activity, mean, median and minimum M. margaritifera gape angle increased as the sampling interval increased from 0.5 to 60 s (Table 1) . Increasing the sampling interval from 0.5 to 60 s caused the interquartile range of M. margaritifera gape data to decrease by 0.59°and caused median gape to increase by 0.31° (Table 1) . Maximum gape of M. margaritifera and Pecten maxiumus decreased by 0.1°and 4.72°, respectively, when the sampling interval was reduced from 0.5 to 60 s (Table 1) . Over 1 h there was no change in mean gape but there was a reduction in maximum gape angle of M. margaritifera and Mytilus edulis when the sampling interval was increased from 0.5 to 5 s (Table 1) . Also over 1 h there was no change in mean gape but there was a reduction in maximum gape angle of Pecten maximus when sampling frequency was decreased from 12 Hz (sampling interval of ~0.083 s) to once every 0.5 s (Table 1) . However, over 1 h of Cerastoderma edule gape data, there was a change in mean gape and a decrease in maximum gape angle when the sampling interval increased from 0.5 to 5 s (Table 1) . 
Pumping
A reduction in sampling frequency of bivalve pumping behaviour was associated with a loss in definition of short-term changes in exhalant pumping (Fig. 8) . At fine scales (2 Hz), Mytilus edulis gape was well defined, while at the same frequency, pumping was apparently rarely constant and did not appear to be fully elucidated (e.g. Fig. 8 ). Mussel pumping recorded at 30 Hz revealed apparent and variable noise (a metachronal wave) in the pumping data of all animals (Fig. 9) . We determined that the metachronal wave in the pumping data was biological in origin since it was not present when the pumping sensor was used on immersed dead mussels, or when gravity-fed water flowed out of an immersed, modelled mussel exhalant siphon (made from Silastic ® , Dow Corning) towards the pumping sensor.
Measurements per event
Recording at 2 Hz, measurements (data points) per valve adduction and subsequent abduction event were counted for 50 events from 6 Margaritifera margaritifera (105 ± 1.4 mm length) and 10 Cerastoderma edule (28.6 ± 1.9 mm length). On average, fewer measurements were made per continuous valve adduction event compared to the subsequent abduction event in both M. margaritifera and C. edule (mean numbers of measurements per adduction and abduction event were 16.0 ± 5.7 and 44.3 ± 10.9, and 4.6 ± 1.5 and 9.1 ± 3.7 in M. margaritifera and C. edule, respectively), with a minimum of 10 and 3 measurements per adduction event in M. margaritifera and C. edule, respectively. Complete M. margaritifera and C. edule valve adduction and subsequent abduction events had mean numbers of measurements per event of 54.5 ± 11.5 and 14.0 ± 4.7, respectively. Recording at 12 Hz, measurements per valve adduction and subsequent abduction event were counted for 50 events from 4 Pecten maximus (107.3 ± 1.7 mm length). Mean numbers of measurements per adduction and abduction event were 12.1 ± 6.8 and 789.2 ± 780.2, respectively, with a minimum of 3 measurements per adduction event.
Complete P. maximus valve adduction and subsequent abduction events had a mean number of measurements per event of 1062.4 ± 766.1. Recording at 30 Hz, measurements per metachronal wave were counted for 50 metachronal waves from pumping data of 10 Mytilus edulis (69.8 ± 1.6 mm length). A mean of 30.5 ± 9.4 measurements was counted per metachronal wave, with a minimum of 17 measurements per wave.
DISCUSSION
Gape
The general patterns of Margaritifera margaritifera valve movements recorded at 2 Hz (e.g. Fig. 5 ) were the same as those for non-endangered Mytlius spp. (e.g. Figs. 2-4) and as previously described by Robson et al. (2007) . Both the present study and the pioneering work by Trueman (1966) and Hoggarth & Trueman (1967) recorded M. margaritifera valve movements, although we have found no published material on the subject in the interim. We believe that bivalve valve adduction and subsequent abduction events constitute a normal part of bivalve behaviour of both endangered and non-endangered bivalves, occurring in the wild subtidal (e.g. Wilson et al. 2005 ) and intertidal (Fig. 4) , simulated intertidal (Shick et al. 1986 ) and in laboratory aquariums (e.g. Figs. 2, 3, 5 & 6; Trueman 1966 , Hoggarth & Trueman 1967 , Robson et al. 2007 ).
Adult Cerastoderma edule are similar in size to the critically endangered little winged pearly mussel Pegias fabula, which rarely exceed 35 mm in length (Bogan 2002) ; therefore, gape data from C. edule (Fig. 6 ) may be a good proxy for small endangered bivalves. C. edule data (Fig. 6 ) also highlight that there can be greater variability in valve movements of smaller bivalves than in larger bivalves such as Margaritifera margaritifera (Fig. 5) , indicating that recording gape of small endangered bivalves at higher frequency (i.e. > 2 Hz, see 'Discussion -Sampling frequency and resolution of bivalve behaviour') may be appropriate (cf. Peters 1983) .
Adult Pecten maximus are similar in size (15 cm maximum shell diameter) to another marine Pectinid, the IUCN Red Listed Nodipecten magnificus, which commonly approaches 20 cm in shell diameter (Waller 2007) . P. maximus gape data highlight the rapid speed at which this scallop, and probably N. magnificus, can adduct. The ratios of adductor muscle(s) volume/ weight to shell volume/weight in P. maximus will undoubtedly be lower than in Margaritifera margaritifera -although due to their endangered status M.margaritifera could not be sacrificed to quantify the ratios -and may account for the rapid speed of valve adduction in P. maximus compared to M. margaritifera (see 'Discussion -Sampling frequency and resolution of bivalve behaviour').
Pumping
Although an accurate quantified measure of exhalant mussel pumping was not possible in the present study (see 'Materials and methods -Bivalve pumping') (cf. Ait Fdil et al. 2006) , our results suggest that pumping should be measured over fine temporal scales because we found mussel pumping (and gape) to be often highly variable, even over periods as short as 1 min (cf. Robson et al. 2007 ). When measuring Margaritifera margaritifera exhalant pumping, especially in relation to gape angle, it may be beneficial to test whether an exhalant current exits from the top of the inhalant siphon as well as the exhalant siphon. Mytilus edulis has a mucociliary rejection pathway that functions via the inhalant siphon with pseudofaeces eliminated along the ventral side of the septum dividing the inhalant siphon from the exhalant siphon (Widdows et al. 1979 , Beninger & St-Jean 1997 , Beninger et al. 1999 . Along with our own observations of M. edulis pseudofaeces strings being eliminated in an exhalant water current out of the top of the inhalant siphon (sometimes when the exhalant siphon was closed), we found it was appropriate to measure exhalant M. edulis pumping out of both the top of the inhalant siphon and the entire exhalant siphon.
Biological noise
Further research is necessary to determine the cause of the biological noise in the form of a metachronal wave of varying amplitude in Mytilus edulis exhalant pumping recorded at 30 Hz (e.g. Fig. 9 ). Wilson et al. (2005) reported biological noise in the gape data of bivalves (also present in our gape data) that was consistently higher in sand mussels Astarte borealis than M. edulis and suggested that some of it might be due to heart beat (cf. Curtis et al. 2000) . While there is little known about the metachronal wave in mussel pumping, it may be an important parameter to measure in bivalves since the frequency of metachronal waves in pumping may vary according to biotic and abiotic factors (e.g. temperature).
Sampling frequency and resolution of bivalve behaviour
The present study reveals the degree to which intervals between sampling affect our ability to identify bivalve gape adduction and abduction events, the degree of variability in bivalve pumping and, ultimately, how this affects the descriptive statistics of gape and pumping behaviour. One effect of increasing the sampling interval was to concatenate adjacent gape adduction and abduction events in the data record (Figs. 2, 4-7) , which resulted in an increased mean duration between gape adduction and abduction events and increased minimum gape angles (Table 1) ; this is an analogous process to the effect of increasing sampling interval on the diving behaviour of seals (Boyd 1993) .
Another effect of increasing the sampling interval was the substantial change to the shape of bivalve gape adduction and abduction events (Figs. 2, (4) (5) (6) and pumping profiles (Fig. 8) . Increasing the sampling interval from 0.5 to 60 s had relatively little effect on the mean gape of bivalves (Table 1) . However, it was apparent that increasing the sampling interval from 0.5 to 5 s caused a reduction in maximum gape and thus a loss of definition in short-term changes in bivalve gape (Table 1) .
It is essential to select the correct temporal resolution defined by sampling interval in order to detect and define fine-scale behaviour patterns. If the shape of an event is described via changing values in the measured parameter, then the recording frequency should be on the order of 10 measurements per event (RopertCoudert & Wilson 2004) . Given this, our data analysis indicates that gape should be recorded at a minimum of 2, 7 and 40 Hz in Margaritifera margaritifera, Cerastoderma edule and Pecten maximus, respectively, and at 18 Hz to describe the metachronal wave in exhalant pumping of Mytilus edulis. Where the peak values in the measured event are important, such as peaks in bivalve pumping amplitudes (Fig. 9 ) and the exact start and fastest part of valve adduction events, 10 measurements per event may not adequately describe these extremes. We note that some P. maximus valve adductions could not be defined (10 measurements per event) with any of the loggers used in the present study or daily diary loggers (Wilson et al. 2008) . From our experience measuring bivalve pumping, we speculate that an initial sampling frequency of 30 Hz would be required to determine the appropriate sampling frequency to measure fine-scale bivalve siphon movements (changes in aperture) of Margaritifera margaritifera.
An inherent problem in dealing with bivalve data measured at high sampling frequency (e.g. 2 to 30 Hz) over days, weeks and months is data processing time. A computer with 8 GB RAM and a 3.4 GHz Pentium 4 processor takes ~40 min to convert 7 million gape data points (~64.8 h and ~40.5 d of data from an archival tag channel recording at 30 and 2 Hz, respectively) from only one bivalve in mV to degrees (°), using an exponential equation in the form y = a + b exp(-x/c) in Origin ® version 7.5 (OriginLab). A way around this is to thin data so that curve-fits can be applied to much fewer data points. However, too few data points in the time series leads to poor resolution of behaviour which can lead to misinterpretation.
Temporal resolution
In the present study, with a 1 GB flash memory card and the system set to record at 30 Hz on 2 channels, recording bivalve gape and pumping simultaneously, the archival tag could record for ca. 70 d before the memory was full. Using 128 GB compact flash memory cards (Samsung) the recording times of the archival loggers could be multiplied by 128. A computerprogrammed interface could stop the logger just before the memory card was full, the full memory card replaced and logger restarted within 10 min. Thus, it is possible to record high temporal resolution data almost continuously.
CONCLUSIONS
The potential loss of information associated with the choice of particular sampling intervals during measurements of single parameters, and the biases which can result from this choice, are effectively germane to all species (cf. Boyd 1993) . The analyses presented here demonstrate that careful consideration has to be given to the selection of intervals between sampling when using a non-continuous method of recording behaviour. We believe that, where possible, all behavioural events should be recorded because they are likely to vary according to biotic or abiotic factors (e.g. Wilson et al. 2005 , Robson et al. 2007 . Given that the minimum appropriate sampling frequency has now been established for recording fine-scale Margaritifera margaritifera gape and, most probably, pumping behaviour, our ongoing research can test if the breakthrough in the ability to culture M. margaritifera (Preston et al. 2007 ) can be further improved by conditioning broodstock and providing juveniles with additional food. Advances in the understanding of bivalve feeding and reproductive strategies may be gleaned by recording behaviour with high temporal and sensor resolution over a range of ecological circumstances (according to factors such as depth, light, temperature, particulate matter, food availability and predator interactions) and may aid long-term survival of endangered bivalves including freshwater pearl mussels. 
